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ABSTRACT

Beta—adrenergic receptor concentration and adenylate
cyclase activity were determined on resident (R—Hﬁ),
thioglycollate-stimulated (TG—Md) and Bacillus Calmette Guerin-
activated (BCG-MP) rat peritoneal macrqphages. Beta—adrenergic
receﬁtor concentration as determined by 1a3-]-iodocyanopindolol
binding was: R-M@ 2136+143, TG-MO 2110+327, and for BCG—H¢
8081190 sites/cell (mean + SEM; p<0.01, ANOVA BCG-M@< R-M@& and
TG—MgP). NaF-stimulated adenylate cyclase activity was: R-Mg
35.416.6, TG—MP 72.7:13.7, and for BCG-MJ 32.4111.9 picomoles
cAMP/mg protein/min (meanitSD; p <0.01, ANOVA, TG—M¢>R—H¢ and BCG—-
M@), while isoproterenol-stimulated activity was: 16.01+1.8,
31.2+3.8, 15.0+1.3, respectively (mean t SD, p<0.05, ANOVA TG-M¢
>R-M@ and BCG-M@). These data suggest that beta—adrenergic
receptors and adenylate cyclase activity are differentially and
seperately regulated during macrophage activation. Adenylate
cyclase activity is rate limiting, since resident and BCG cells
reflect equal isoproterenol-stimulated activity in the face of
different receptor concentrations. The data also demonstrate
that TG cells are the maost responsive to beta—-adrenergic

stimulation.




INTRODUCTION

Previous studies have demonstrated that catecholamines
influence nacropbage function. Incubation of macrophages with
adrenergic agents results in increased production of cyclic AMP

(cAMP) (1-5). Elevated levels of intracellular cAMP are

associated with decreased phagocytosis of Trypanosoma cruzi (6)

and IgG-coated erythrocytes (7,8) by mouse macraophages.
Alterations in cAMP concentrations influence the macrophage
response to chemotactic (9,10) and migration inhibitory factors
(11). Macrophage secretion of elastase (12) and collagenase (13)
are enhanced by increasing concentrations of cAMP. In further
support of the influence of catecholamines on macrophage
function, the beta-adrenergic receptor aof the rat peritoneal
bacillus Calmette Guerin—-activated macrophage was characterize&
(14)., Stimulation of this receptor with metaproterenol resulted
in a dose-dependent decrease in the net phagocytosis of soluble,
model immune complexes by these macrophages (14). The present
studies were undertaken to further investigate the role of
catecholamine-mediated regulation of macrophage function during
macrophage activation. Beta-adrenergic receptor expression and
adenylate cyclase activity were compared in resident,
thioglycollate-stimulated and bacillus Calmette Guerin activated
rat peritoneal macrophages.
MATERIALS AND METHODS

The following reagents were purchased from the

manufacturer: HBSS with and without calcium and magnesium

A .




(Gibco, Grand Island, NY), Percoll (Pharmacia Fine Chemicals,
Piscataway, NJ), BSA (Miles Laboratories Inc., Elkhart, 1ID),
bacillus Calmette Guerin (BCG®) vaccine (Glaxo Operations, UK,
Ltd., Greenford; England), GF/C filters (Whatman, Clifton, NJ),
[ *23] Jindocyanopindolol, specific activity 2200 Ci/mmole, and
radidimmunoassag kits to measure cAMP (NerEnQI;ﬁd Nuclear Corp.,
Baston, MA), thioglycollate (TG) (Becton Dickinson, Cockeyville,
NJ).

Isolation of peritoneal macraophages: Sprague-Dawley rats
(200 gm) were purchased from Hilltop Laboratories (Scattdale,
PA). Peritoneal macrophages (nﬁ) were isolated by peritoneal
lavage with HBSS lacking divalent cations containing 100 mg/!
EDTA (13) after no pre—treatment (resident (R) cells), 3 days
following intraperitoneal injection of 3 ml af 34 thioglycollate
(TG cells) and 7 days following intraperitoneal injection of 1
vial (8 X 10* viable organisms) of BCG (BCG cells). Cells were
sedimented by centrifugation (200 X q for 10 min), resuspended at
1 to 2 X 107 cells/ml in fresh buffer, layered onto a preformed
continuous Percoll gradient, and centrifuged at 2,200 X g for 15
min a 4°'C (16, i?). Gradients were generated by centrifugation
(26,000 X g, 4°C, 30 min.) of a 504 mixture of Percoll and HBSS
lacking divalent cations. The macrophage layer was bharvested
‘"with a pipet, and the cells were washed free of Percoll with
excess buffer. Cells were resuspended in the desired buffer as
described below. Cell counts were performed using a model ZF

Coulter Counter (Coulter Electronics, Miami, FL). Macrophage




purity was monitored by staining for non—specific esterase (18).

Cell viability was monitored by trypan blue exclusion prior to
and at the end of study. By these criteria >85% of the cells were
viable macrophagés.

Catecholamine binding studies and adenylate cyclase
activity: These studies were performed.ﬁg pr;viouslg published
methods in which 1lymphocytes were studied (19-21) and for
characterization of the macrophage beta-adrenergic receptor (14).
Membranes were prepared by hypotonic 1lysis of macrophages as
previously described (14).

Binding assays: {-adrenergic receptors were quantified by
Scatchard analysis ofl *23] Jiodocyanapindolal (*23[-ICYP) binding.
Membranes derived from 10 macrophages and #23]-ICYP (5 to 200
pM) were incubated with and without 1 PM propranolol for 90 min.
at 37°C in a total volume of 250 Pl of assay buffer described
above. Nonspecific binding determined in the presence of 1 MM
propranolol was 50Z of total *23[-ICYP binding. Bound was
separated from free ligand by vacuum filtration on GF/C disc

Adenylate cyclase: Membranes derived from 10* macrophages
were incubated in a total volume of 150 Pl of 50 mM HEPES (pH
7.4), 8 mM KC1l, 6 ﬁﬂ MgCl, 1 mM ATP, 2.5 mM creatine phosphate,
0.075 mg/ml creatine phosphokinase, and 0.4 mg/ml BSA for 15 min
at 37*C. Assays contained either 10 mM NaF, 10~ M GTP, or 10—*
M GTP plus 10-® to 10~ M isoproterenol as stimulants. cAMP was

quantified by radioimmunoassay (New England Nuclear Corp.,

Boston, MA.)




Statistical analysis: Multiple groups were compared by one
way analysis of variance with subgroup testing by contrast.
Scatchard curves were generated from linear regression using
least squares. |
RESULTS

Characteristics of the peritoneal méérophéges: The yields
and staining characteristics of each of the types of macrophages
are summarized in Table [I. Cell yield varied with level of
activation, but macrophage purity, as determined by staining for
non—-specific esterase, was similar in the three groups.

Quantification of the beta-adrenergic receptor: Scatchard
analysis of specific binding of *32]-ICYP to macrophages yielded
a straight 1line consistent with a single class of antagonist
binding sitaes. The results of the receptor numbers per cell are
summarized in Table II. Resident and TG cells had similar numbers
of beta-adrenergic receptors with both having greater than twice
the number for BCG cells.

Adenylate cyclase activity: The results of adenylate
cyclase activity for each of the macrophage groups are summarized
in Table III; Both NaF- and isoproterenocl-stimulated adenylate
cyclase activities were similar in resident and BCG cells. TG
cells had twice the activity of the other cells in response to
both stimulants. The concentration of isoproterenol for half-
maximal stimulation of adenylate cyclase was similar in the three

cell types.




DISCUSSION

Previous studies from this laboratory have demonstrated and
characterized the f(-adrenergic receptor on B(CG-activated rat
peritoneal macrophages (14). The BCG—H¢ was initially chosen
over R—H¢ because of the bhigh yield of cells that could be
obtained from BCG-injected rats. It was e#pectéﬁ that the higher
yield of cells would facilitate the initial characterization of
the receptor. The present studies demonstrate that ¢-adrenergic
receptor expression 1is modulated with activation of the
macrophage. The S04 fall in receptor concentration in the BCG—
activated cell was unexpected.

Activation of macrophages has previously been demonstrated
to be associated with modulation of expression of other cell
surface proteins (22-24) and stimulation or suppression of
various macrophage functions (25-27). Although expression of the
insulin receptor on activated lymphocytes has been shown to be
modulated (28), this is the first report of similar modulation of
expression of receptors for classical hormones on the macrophage.
Stimulation of macrophages by peri toneal injection of
thiogylcallate Qas assaciated with no significant change in the
density of receptors as compared to resident peritoneal
macrophages; however, there was a significant rise in adenylate
cyclase activity in TG—Mﬂ. The concomitant increase in
isoproterenol stimulated activity suggests that the f-adrenergic
receptor and adénylate cyclase remain coupled. In BCG—Hﬂ;

receptor concentration was about half of that in R—Hg and TG-ﬁﬂ;




haowever, adanylate cyclase activity in BCG—H¢ was similar to that
of resident peritoneal cells. Taken together, the data in these
three cell types indicate that f-adrenergic receptor
concentration and adenylate cyclase activity are independently
requlated during Hﬁ activation. The higher level of cAMP
generation with isoproterenol treatment.in TG;Mﬁ as compared to
R-MJ#, cells with equal p-adrenergic receptor concentrations, and
the equal isoproterenol response between R-Hp and BCG—Mﬂ, where
receptor numbers are altered, indicate that adenylate cyclase
activity 1is rate limiting for catecholamine action in these
cells.

Previous studies from this (14) and other laboratories (6)
have shown that catecholamine stimulation of and elevated cAMP
levels in MO are associated with significant impairment of
phagocytosis. Phagocytic activity is modulated during macrophage
activation (29) and TG-M@ are phagocytically more active than are
R~ and BCG-M@ (30). Demonstration in the present studies that
TG—H¢ are the maost responsive to catecholamines suggests that
catecholamines may have a more pronounced effect on phagocytosis
when MO are spécificallg activated to perform this function.

Phagocytosis of soluble immune complexes by macrophages is
a complex process that includes binding to the M@ surface via Fc,
C3b or Clq receptors (31), internalization of bound ligand, and
intracellular degradation in lysosomes. The influence of changes
in catecholamine responsiveness during macraophage activation on

each of the steps of phagocytosis still needs to be defined.




These experiments are currently in progress.

ACKNOWLEDGEMENTS

The authors recoqnize the excellent technical assistance of
Debbie Hori, Mark Hori and Bryan Anderson, and Diane Hotaling for

typing the manuscript.

10




REFERENCES

1. Remold-O’Donnell, E. 1974. Stimulation and desensitization
of macrophage  adenglate cyclase by prostaglandins and
catechalamines. J. Biol. Chem. 249:3615.

2. Higgins, T. J., and J. R. David. 1976. Effect of
isoproterenol and aminophylline on cyclic AMP levels of guinea

pig macrophages. Cell. Immunol. 27:1.

3. Ikegami, K. 1977. Modulation of adenosine 37, 5'-
monophosphate content of rat peritoneal macrophages mediated by

$a2~acrenarqgic receptors. Biochem. Pharmacol. 26:1813.

4. Welscher, H. D., and A. Cruchaud. 1978. Conditions far
maximal synthesis of cyclic AMP by mouse macrophages in response

to f-adrenergic stimulation. Eur. J. Immunol. 8:180.

5. Lavis, V. R., §. J. Strada, C. P. Ross, E. M. Hersh, and W.
J. Thompsan. 1980. Comparison aof the responses of freshly
isolated and cultured human monocytes and P388D, cells to agents

affecting cyclic AMP metabolism. J. Lab. Clin. Med. 96:551.

6. Wirth, J. J., and F. Kierszenbaum. 1982. Inhibitory action
of elevated levels of adenosine-3', 5’-cyclic monophosphate on
phagocytosis: effects on macrophage-Trypanosoma cruzi

interaction. J. Immunol. 129:2757.

11




7. Lima, A. Q., M. Q. Juvierre, W. Dias de Silva, and D. 8S.
Camara. 1974. Immunological phagocytosis: effect of drugs on

phosphodiesterase activity. Experientia 30:945.

8. Goodell, E. M., S. Bilgin, and R. A. Carchman. 1978.
Biochemical characteristics of phagocytosis in the P388D, cell.

Exp. Cell Res. 114:57.

9. Gallin, J. I., J. A. Sandler, R. 1. Clyman, V. C.
Manganiello, and M. Vaughan. 1978. Agents that increase cyclic
AMP inhibit accumulation of cGMP and depress human maonocyte

locomotion. J. Immunol. 120:492.

10. Stephens, C. G., and R. Snyderman. 1982. Cyclic nucleotides
regulate the morphologic alterations required for chemotaxis in

monacytes. J. Immunol. 128:1192.

11. Block, L. H., B. Alone, D. Biemesderfer, M. Kashgarian, and
M. W. Bitensky. 1978. Macrophage migration inhibition factor:
interactions with calcium, magnesium and cyclic AMP. J. Immunol.

121:1416.

12. Fine, R., and J. F. Collins. 1982. The effect of
theophylline on macrophage elastase secretion. Connect. Tissue

Res. 9:1195.

12

1]




13. McCarthy, J. B., S. M. Wahl, J. C. Rees, C. E. Olsen, A. L.
Sandherg, and L. M. Wahl. 1980. Mediation of macrophage
collagenase production by 3°-53"-cyclic adenosine monophosphate,

J. Immunol. 124:2405.

14. Abrass, C. K., S. W. O’Cannor, P. J. Scarpace, and I. B.
Abrass. 1985. Characterization of the f—-adrenerqic receptor of

the rat peritoneal macrophage. J. Immunol. 135:1338.

15. Knutson, D. W., A. Kijlstra, and L. A. vanEs. 1977.
Association and dissociation of aggregated 1gG from rat

peritoneal macrophages. J. Exp. Med. 145:1368.

14. Abrass, C. K., and M. Hori. 1984. Alterations in Fc
receptors of macrophages from rats with streptozotocin-induced

diabetes. J. Immunol. 133:1307.

17. Cochrum, K., D. Hanes, 6. Fagan, J. Van Speybroeck, and F. K.
Sturtevant. 1978. A simple and rapid method for isolation of

human monocytes. Trans. Proc. 10:8647.
18. Tucker, S. B., R. V. Pierre, and R. E. Jordan. 1977. Rapid

identification of monacytes in a mixed mononuclear cell

preparation. J. Immunol. Methods. 14:267.

13




19. Abrass, I. B., and P. J. Scarpace. 1981, Human lymphocyte
$-adrenergic receptors are unaltered with age. J. Gerontol.

36:298.

20. Abrass, 1.B., and P. J. Scarpace. 1982. Catalytic wunit of
adenglate cyclase: reduced activity in aged-human lymphocytes.

J. Clin. Endocrinaol. Metabh. 55:1026.

21. O’Connor, S. W., P. J. Scarpace, and I. B. Abrass. 1981.
Age associated decrease of adenylate cyclase activity in rat

myocardium. Mech. Ageing Dev. 16:91.

22. Kaplan, A. M., and T. Morhanakumar. 1977. Expression of a
new cell surface antigen on activated murine macrophages. J.

Exp. Med. 146:1461.

23. Weiel, J. E., D. O. Adams, and T. A. Hamilton. 1985.
Biochemical models of ¥-interferon action: Altered expression of
transferrin receptors on murine peritoneal macrophages after

treatment in vitro with PMA or A23187. J. Immunol. 134:293.

24. Mauer—Gross, U., D. Von Steldern, U. Hadding, D. Bitter-
Suermann, and R. Burger. 1985. Cell surface antigens on the
Quinea—-pig macrophage: identification by monoclonal antibodies

and association with the activation state. Immunology. 35:519.

14




25. Lemaire, 6., J. C. Drapier, J. P. Tenu, A. Bouchahda, M.
Lepoivre, and J. F. Petit. 1982. Stimulation of several
functional properties of macrophages after injection of a

suspension of killed Streptococci. RES: J. Retic. Soc. 32:87.

24. Chapes, S. K., and S. Haskill. 1982. Role of
Carynebacterium parvum in the activation of peritoneal
macrophages. 1. Association between intracellular C. parvum and

cytotoxic macrophages. Cell. Immuno. 70:65.

27. Ogmundsdottir, H. M., and D. M. Weir. 1980 Mechanisms of

macrophage activation. Clin. Exp. Immunol. 40:223.

28. Helderman, J. H., R. Ayuso, J. Rosenstock, and P. Raskin.
1987. Monocyte-T lymphocyte interaction for regulation of
insulin receptors on the activated T I1lymphocyte. J. Clin.

Invest. 79:5&6.

29. Bianco, C., F. M. Griffin, Jr., and S. C. Silverstein. 1975.

Studies of the macrophage complement receptor. Alteration of
receptor function upon wmacrophage activation. J. Exp. Med.
141:1278.

30. Shaw, D. R., and F. M. @Griffin. 1982. Thioglycollate—
elicited mouse peritoneal macrophages are less efficient than

resident macrophages in antibody-dependent = cell-mediated

15




cytolysis. J. Immunol. 128:433.

31. SBtossel, T. P. 1975. Phagocytosis: Recognitian and

ingestion. Sem. Hematology 12:83.

16




FOOTNOTES

3 These studies were supported by the office aof Naval Research

(NODO14-87-K-0369) and The Medical Research Service of The

Veterans Administration.

2 Correspondence: Itamar B. Abrass, M.D. Division of Gerontalogy
and Geriatric Medicine (ZA-87), Harborview Medical Center, 325

Ninth Ave., Seattle, WA 98104.
3 Abbreviations: BCG, bacillus Calmette Guerin; *=23]-ICYP, [323]]

—-iadocyanopindolol; Mp, macrophage; R, resident; TG,

thioglycollate.

17 ,




TABLE 1. Macrophage characteristics

R-Mg TG—Mg
n 8 7
Cell yield 1.6610.22 4.98+0.23
per aﬁiaal,
(X 107)
Nanspecific esterase (%4 positive)
B84.8+2.0 85.411.0

% viable > 95 > 95

BCG—M@
7

2.3910.10

85.6t2.4

> 95

p value

<0.01

The results represent the group mean + 1 S D, n represents the

number of animals studied.

18




TABLE 11. p-adrenergic receptors on rat peritoneal macrophages.

n Receptor
| sites/cell
R-M¢ 7 2134 t+ 143
TG—My 6 2110 t 327 ]
BCG—Mg 6 808 t 190

The results represent the group mean £ 1 SEM, p< 0.01, analysis

of variance, for BCG-M@ compared to R-M¢@ and TG—ﬂﬂ.

19




TABLE I1I. Rat macrophage membrane adenylate cyclase activity

Stimulant _ Activity
R-Mg@ T6-Mg BCG-M@
(pmoles cAMP/min/mg membrane protein)
NaF 35.411+6.55 (8) 72.71113.74 (4) 32.361£11.93 (7f*

Isaproterenol 15.9611.79 (4) 31.17+3.82 (4) 15.041+1.25 (3)+
csa@a”* M)
(half-maximal stimulation x 107 M)

Isopraoterenol 6.90146.11 (4) 5.1112.21 (4) QP.42+7.49 (3)

Iso = isoproterenol. Values for basal cAMP and in the presence of
6TP were subtracted from values obtained for the other conditions
to determine the specific adenylate cyclase activity for NaF and
isoproterenol stimulation. The results are expressed as the
group mean t 1 SD of results obtained from individual experiments
(n).

*# p < 0.01, analysis of variance, TG-M@ > R-M¢@ and BCG-Mg.

+ p < 0.05, analysis of variance, TG-MJ > R-M@ and BCG-M{.




I. INTRODUCTION

Fc-receptor-mediated phagocytosis of soluble immune complexes and antibody-coated
bacteria are important functions of macrophages. Phagocytosis of antigens by
macrophages plays a role in antigen clearance, as well as antigen processing for
presentation to lymphocytes which initiates cell-mediated and humoral immune responses.
The purpose of this project is to study catecholamine-mediated alterations in
macrophage phagocytic function.

11. PROGRESS REPORT

l. Requlation of beta-adrenergic receptor expression and adenylate
cyclase activity during macrophage activation.

Beta-adrenergic receptor concentration and adenylate cyclase activity were determined
on resident (R-M@), thioglycollate-stimulated (TG-M@) and Bacillus Calmette Guerin-
activated (BCG-MQ} gat peritoneal macrophages. Beta-adrenergic receptor concentration
as determined by 2 I-iodocyanopindolol binding was: R-M@, 2136 + 143; TG-M@, 2110 +
327, and for BCG-M@, 808 + 190 sites/cell (mean + SEM; p<0.01, ANOVA BCG-M@< R-M@ and
TG-M@). NaF-stimulated adenylate cyclase activity wag: R-Mp, 35.4 + 6.6; TG-Mp, 72.7
+ 13.7, and for BCG-M@, 32.4 + 11.9 picomoles cAMP/10° cells/min (mean + SD; p <0.01
ANOVA, TG-M@>R-M® and BCG-M@), while isoproterenol-stimulated activity was: 16.0 +
1.8, 31.2 + 3.8, 15.0 + 1.3, respectively (mean + SD, p<0.05, ANOVA TG-M@>R-M@ and
BCG-M®). These data suggest that beta-adrenergic receptors and adenylate cyclase
activity are differentially and separately regulated during macrophage activation.
Adenylate cyclase activity is rate limiting, since resident and BCG cells reflect equal
isoproterenol-stimulated activity in the face of different receptor concentrations.
The data also demonstrate that TG cells are the most responsive to beta-adrenergic
stimulation.

The manuscript describing these studies is attached.

2. catecholamine-mediated requlation of Fc-receptor concentration
and phagocytic activity of rat peritoneal macrophages.

The influence of catecholamines on Fc receptor (FcR) concentration was measured at
various stages of macrophage activation. Resident TG-stimulated and BCG-activated
peritoneal M@ were harvested and incubated with radiolabeled heat aggregated rat IgG
(ARG). FcR concentration was determined by Scatchard analysis of binding data. As the
model immune complexes contain multiple Fc regions per aggregate and thus can
participate in multi-site attachment, these measures of FcR concentration are only
meaningful as a relative, but not an absolute measure of the changes in FcR
concentration that are associated with metaproterenol treatment.




BFFECT OF METAPROTERENOL ON M®» FcR DENSITY
Metaproterenol (M)
o 108 106 104

Macrophages (n)

Resident 3 24.9 28.7 35.4 42.9
TG 3 43.1 54.9 69.3 97.7
BCG 3 12.5 15.1 16.8 18.1

FcR density is expressed as sites (x 103)/ce11. These results demonstrate that FcR
density on TG-M@>Resident-M@>BCG-M@. In each case, there is a dose-dependent increase
in FcR density with the addition of metaproterenol. BCG-M@ appear to be less
responsive to metaproterenol than resident or TG-M®, with TG-M® being the most
responsive. Changes in FcR density were not altered by the addition of cycloheximidc
(2 ug/ml), suggesting that the effect of metaproterenol does not require new protein
synthesis. Prostaglandin E, is released from M@ following phagocytosis of immune
complexes and 11ke metaproterenol it activates adenylate cyc]ase Binding studies were
performed at 4% C after pre-treatment with metaproterenol at 37° C, thus it is unlikely
that internalization of bound material led to release of prostag]and1ns However, to
eliminate a possible role of prostgg]andln -mediated increase in cyclic AMP, cells were
pre-treated with indomethacin (10~ Indometacin pre-treatment did not alter the
results observed with metaproterenol treatment. These studies indicate that
catecholamine treatment of M@ is associated with a dose-dependent increase in FcR
concentration.

The influence of catecholamines on FcR-mediated phagocytosis of model immune co(?lexes
was studied by incubation of R-M@, TG-M® and BCG-M® with radiolabeled ARG at 37° C and
measurement of binding, 1nt%rnallzatlon and digestion of ARG. In resident (21 vs 13%)
and BCG (19 vs 11%) M@, 107" M metaproterenol induces a decrease in the total amount
of ARG digested over 2 hours of incubation. In contrast to these observations,
metaproterenol treatment of TG-M@ is associated with no change in net digestion of ARG
(45 vs 43%). As metaproterenol treatment induces a doubling of the amount of ARG bound
to TG-M@ (as shown in the Table above), and a decrease in the fraction of bound ARG
that are internalized, there is no net change in the amount digested. In resident and
BCG-M®, the effect of metaproterenol to decrease the rate of internalization/digestion
of FcR-bound material is greater than its effect on binding; thus, the net effect is a
decrease in digestion. These observations demonstrate that catecholamines effect more
than one step of FcR-mediated phagocytosis. Additional studies are needed to further
define the influence of catecholamines on each step of phagocytosis and the major
subclasses of FcR for IgG.




3. Alpha-adrenergic receptor expression on rat peritoneal
macrophages.

Studies described above demonstrated that rat peritoneal macrophages express beta-
adrenergic receptors. However, endogenous catecholamines function as both alpha- and
beta-adrenergic agonists. Thus, it seemed possible that should macrophages express
both alpha,- and beta-adrenergic receptors, catecholamine-mediated activation of both
receptors might produce complex and even opposite effects. Resident, TG-stimulated and
BCG-activated rat peritoneal_macrophages were harvested and assayed for alpha-
adrenergic receptors using [3H]-yohimbine. The absence of specific binding of [3H]-
yohimbine to rat macrophages suggests that they do not express alphaj-adrenergic
receptors.

4. Beta-adrenergic receptor expression on mouse macrophage cell-
lines.

Previous studies have evaluated net FcR expression and net phagocytic function of rat
peritoneal macrophages. Yet, three major subclasses of FcR for IgG have been
characterized on human, mouse and rat macrophages. These FcR differ in their amino
acid sequence, ligand binding affinity, trypsin-sensitivity, activation of second
messengers, as well as activation of phagocytosis, enzyme release and other effects of
FcR-ligation. These characteristics of FcR have been most thoroughly evaluated using
mouse macrophage cell-lines. Monoclonal antibodies specific for two of the subclasses
of mouse FcR for IgG are available. Thus, utilization of these reagents provides the

opportunity to determine any FcR-subclass specific catecholamine-mediated effects on
FcR function.

Mouse macrophage-like cell lines (P388D; and J744a) were grown in culture and assayed
for beta-adrenergic receptor expression using standard methods.

P388D, isgls do not express beta-adrenergic receptors; however, J744a cells bind 98
fmole [*“°I]-iodocyanopindolol/per mg membrane protein. A macrophage (P388Dy) that
expresses FcR and is phagocytically active but lacks beta-adrenergic receptors that
will provide a useful comparison for the J744a line which expresses both activities.
Hybridomas for monoclonal antibodies to FcR II and FcR III (2.4G2 and 3G8 respectively,
kindly provided by Dr. Jay Unkeless) are being cultured. The monoclonal antibodies
will be isolated and used to study catecholamine-mediated effects on each subclass of
FcR. Aggregated mouse IgG will be used as described above to assay phagocytic
activity. These studies are in progress.




